INTRODUCTION
The continued e x p l o r a t i o n and e x p l o i t a t i o n o f space w i l l r e q u i r e the development o f high e f f i c i e n c y -c o s t e f f e c t i v e space power and energy systems. As on earth, r e a l i t i z a t i o n o f t h e promises o f space depend l a r g e l y on the a v a i l a b i l i t y o f abundant, r e l a t i v e l y low cost energy. Large increases over today's spacecraft power l e v e l s -by orders o f magnitude -w i l l be necessary t o meet the perceived mission requirements over the next several decades. These missions o f the 21st century w i l l include, l a r g e e a r t h o r b i t manned space s t a t i o n s , manned lunar bases, l a r g e manned space t r a n s p o r t a t i o n systems f o r e a r t h space, high power geostationary comnunications and s o l a r power t r a n s m i tt i n g platforms, m u l t i p l e purposehigh power-earth resource s a t e l l i t e s , l a r g e multi-purpose i n t e r p l a n e t a r y probes, and even manned i n t e r p l a n e t a r y e x p l o r a t i o n spacecraft. I n addition, n a t i o n a l defense needs w i l l a l s o continue t o d i c t a t e h i g h power needs f o r m i l i t a r y space systems.
Present and f u t u r e programs f o r space power systems development w i l l provide t h e technology t o meet these needs. To progress from today's low voltage -kW sized space power systems t o the hundreds-of-kilowatts and multi-megawatt systems o f t h e 21st century w i l l require aggressive development programs t o b r i n g these systems t o the required technology readiness. This paper discusses the present state-of-the-art o f t h e various space power systems and energy storage technologies and t h e i r projected trends t o t h e end o f the century. These trends are then projected t o f u t u r e possible missions o f the 21st century t o sketch the space power systems o f the e a r l y 21st century. The discussion w i l l be l i m i t e d t o steady s t a t e power requirements. ments c h a r a c t e r i s t i c of some m i l i t a r y space missions w i l l n o t be addressed. Figure 1 shows t h e f u t u r e space energy demands f o r some p r o j e c t e d space m i ssions. The cross hatched area i n d i c a t e s t h e h i s t o r i c a l region, i.e., t h e energy spectrum of a l l past missions. Orders o f magnitude increases i n energy and power over these missions of the past w i l l be required.
Power systems t o meet the very h i g h r e p e t i t i v e o r pulsed power r e q u i r e -PRESENT STATE OF THE ART AND TECHNOLOGY TRENDS
Photovoltaic C e l l s and Arrays Most U.S. spacecraft have used low voltage s o l a r arrays. The h i g h e s t voltage l e v e l flown t o date on a U.S. spacecraft was t h a t flown on Skylab which has an a r r a y voltage o f 70 t o 115 V and generated 16 kW o f power. This planar s i l i c o n c e l l array had a s p e c i f i c power o f approximately 6 W/kg. Present s i l i c o n s o l a r c e l l technology has reached e f f i c i e n c i e s o f 14 percent f o r production u n i t s and shows some promise f o r higher e f f i c i e n c i e s w i t h f u r t h e r development. Solar c e l l technology f o r advanced systems w i l l address the issues o f decreased s p e c i f i c weight by means o f t h i n f i l m , ( 5 0 pm) c e l l s i n l i g h t w e i g h t f l e x i b l e arrays, increased e f f i c i e n c y by means o f new m a t e r i a l s and physical processes, decreased degradation o f beginning o f l i f e power, and reduced costs. percent e f f l c l e n c l e s which should increase t o 25 percent by t h e l a t e 80's w i t h improved f a b r i c a t i o n techniques. Beyond t h i s p o i n t t r i p l e j u n c t i o n bandgap c e l l s w i l l u l t i m a t e l y approach 30 percent e f f i c i e n c i e s and advanced photov o l t a i c concepts such as those based on surface plasmon e f f e c t s and superl a t t i c e s a r e o p t i m i s t i c a l l y p r e d i c t e d t o y i e l d 50 percent e f f i c i e n c i e s . These advanced concepts are p r e s e n t l y i n t h e research stage. They a r e expected t o be operational by the e a r l y p a r t o f the next century.
The c e l l s themselves must be mounted i n a r r a y assemblies and t h e c u r r e n t s t a t e -o f -t h e -a r t o f arrays i s approximately 36 W/kg ( s p e c i f i c power), b u t s p e c l f i c power l e v e l s o f 66 W/kg have already been demonstrated using f l e x l b l e arrays o f t h i n s i l i c o n s o l a r c e l l s . Improvements i n t h i n c e l l s (50 pm s i l i c o n and GaAs), e f f i c i e n c y and r a d i a t i o n resistance, coupled w i t h advancements I n the design o f durable l i g h t w e i g h t support s t r u c t u r e s w i l l y i e l d 100 W/kg or greater by 1990. Technology advancements i n 5 pm t h i n GaAs and advanced concept c e l l s now i n the research stage along w i t h advances i n concentrations and a r r a y structures should increase c a p a b i l i t i e s t o 200 W/kg by t h e mid 9 0 ' s .
A d d i t i o n a l advances i n t h i n h i g h e f f i c i e n c y III-V c e l l s may show 23 percent e f f i c i e n c i e s wlth s p e c i f i c powers o f 350 W/kg. m i l l c e l l s ) , with e f f i c i e n c i e s o f 27 percent ( p l a n a r ) and 30 percent (Concent r a t o r ) , a r e expected t o reach 400 W/kg s p e c i f i c power f o r use I n PV space power systems o f the e a r l y 21st century. e f f i c i e n c y on concentrator arrays i n which t h e a r r a y i s transparent t o t h e c e l l technology.
Thin cascade GaAsSilicon, ( 2 Figure 3 shows the impact of c e l l Energy Storage Systems Uost e a r t h o r b i t a l missions using s o l a r derived power w i l l r e q u i r e onboard energy storage t o provide spacecraft power d u r i n g t h e e a r t h shadow periods. Energy storage can be accamplished f o r these missions by means of secondary rechargeable b a t t e r i e s , regenerative f u e l c e l l s , or p o s s i b l y i n e r t i a l energy storage using flywheel systems. Secondary space b a t t e r y systems a r e p r e s e n t l y undergoing t r a n s i t i o n from t h e t r a d i t i o n a l n i c k e l cadmium systems t o n i c k e l hydrogen systems and u l t i m a t e l y t o h i g h energy density rechargeable b a t t e r i e s , (HEDBR) o f t h e Li/X and the Na/X types. S i g n i f i c a n t gains i n spec i f i c weight reductions w i l l be r e a l i z e d using t h e proposed HEDRB technology. Present NiCd technology i s a t a l e v e l o f 10 t o 15 W hr/kg, depending upon the a p p l i c a t i o n (Leo or 6eo) with some gains possible i n t h e f u t u r e . systems presently are a t 20 W hr/kg with expected improvements t o 30 W hr/kg f o r t h e NiH2 b i p o l a r concept. voltage storage system modules, avoiding t h e m u l t i t u d e of c e l l t o c e l l i n t e rconnects, and presents the opportunlty f o r a c t i v e cooling. Design l i f e i s rel a t e d t o o r b i t , ( c y c l i n g ) , operating temperature and depth-of-discharge (DOD). 
NIH2 b a t t e r y
The b i p o l a r approach permits high capacity, h i g h However, much more developAn energy storage system which shows great p o t e n t i a l i s t h e regenerative f u e l c e l l , (RFC). An RFC i s one that operates i n both t h e conventional power producing mode, and a l s o i n the reverse, (power consuming) mode t o regenerate t h e reactants which are stored f o r f u t u r e use. An advanced H202 b l o p o l a r b a t t e r y now a t t h e breadboard l e v e l o f development for l a r g e low e a r t h o r b i t a p p l i c a t i o n i s being explored f o r synchronous o r b i t a p p l i c a t i o n and has a p o t e n t i a l f o r s p e c i f i c energies I n excess o f 100 W hr/kg. Hz/halogen based regenerative f u e l c e l l systems o f f e r t h e p o t e n t i a l f o r very high e f f i c i e n c y storage systems and are a l s o being Investigated. trends i n electrochemical storage systems. Figure 4 shows the projected . Flywheels as energy storage devices a r e a l s o under consideration.
I n e r t i a l devices have been used i n the past f o r a t t i t u d e control, (Control Uoment Gyros), but not as d i r e c t energy storage for space systems. Recent studies i n d i c a t e t h a t advanced flywheel systems w i l l be competitive w i t h other storage technologies but these conclusions are very prelimlnary a t t h i s time.
A t t r a c t i v e features o f flywheels are h i g h l e v e l o f discharge, (75 percent),
h i g h response rates, h i g h o v e r a l l e f f i c i e n c i e s , and possible long l i f e . Proj e c t i o n s o f composite m a t e r i a l flywheel energy d e n s i t i e s up t o 40 W hr/kg, ( f o r t h e o v e r a l l system), have been made. Problems i n the areas o f materials, s t r u c t u r a l i n t e g r i t y , and system design remain t o be overcome. The heat source provides Brayton, S t i r l i n g , etc.) o r s t a t i c (Thermoelectric, thermionic). e l e c t r i c systems powered by r a d i o i s o t o p e heat sources have been r o u t i n e l y operated i n space by the U.S. developed and tested i n a f l i g h t type system, and s i g n i f i c a n t e f f o r t has a l s o been c a r r i e d out on l i q u i d metal Rankine systems. Only ground system t e s t i n g has been c a r r i e d out on these systems. The S t i r l i n g c y c l e energy conversion system has been extensively developed f o r t e r r e s t r i a l power a p p l i c a t i o n s and shows s i g n i f i c a n t p o t e n t i a l f o r a p p l i c a t l o n t o space power systems i n t h e form o f t h e f r e e p i s t o n -l i n e a r a l t e r n a t o r c o n f i g u r a t i o n .
Only thermoThe dynamic Brayton system has been e x t e n s i v e l y
Heat Sources
Radioisotope heat sources have been used e x t e n s i v e l y f o r low power space a p p l i c a t i o n s , both e a r t h o r b i t and i n t e r p l a n e t a r y missions. PU 238 has been the dominant isotope. These systems show n e g l i g i b l e delay over a 10 year l i f e a t temperatures up t o 1400 K. High cost, l i m i t e d f u e l a v a i l a b i l i t y , and quest i o n s o f s a f e t y w i l l l i m i t these isotope systems f o r l a r g e r powers ( M u l t ik i l o w a t t ) . For space power a p p l i c a t i o n s , the f u e l capsule must be designed t o withstand i n t a c t r e e n t r y should t h e r e be a mission f a i l u r e o r abort. An RTG system o f 400 W ( e l e c t r i c a l ) w i l l be flown on t h e upcoming G a l i l e o mission i n 1986.
The only U.S. f l i g h t o f a n c l e a r reactor was t h e low power SNAP 1 O A react o r . This reactor experienced a shutdown a f t e r 47 days i n o r b i t due t o a nonnuclear component f a i l u r e ( v o l t a g e r e g u l a t o r ) . 1 kWe) U-ZrH reactor w i t h a Si-Ge thermoelectric energy conversion u n i t .
This was a small ( l e s s than
The SNAP technology o f the 1960's was l i m i t e d t o r e a c t o r o u t l e t temperat u r e s o f l e s s than 1000 K, b u t t h e p o t e n t i a l , based on LMFBR technology, e x i s t s f o r r e a c t o r o u t l e t temperatures i n excess o f 1500 K by s u b s t i t u t i o n o f a h i g h temperature m a t e r i a l f o r s t a i n l e s s s t e e l i n t h e r e a c t o r design. A s u b s t a n t i a l data base f o r these advanced m a t e r i a l s e x i s t s . A p o t e n t i a l r e a c t o r design has evolved, from the Los Alamos National Laboratories which i s a departure from conventional design. This concept uses unclad f u e l wafers w i t h heat p i p e cooli n g f o r t h e reactor. Reactor o u t l e t temperatures up t o 1500 K a r e p r o j e c t e d f o r t h i s design.
The major issues w i t h respect t o reactor design a r e r e l a t e d t o f u e l type, f u e l i r r a d i a t i o n data base, c l a d m a t e r i a l , m a t e r i a l data base and selection, safety, f a i l u r e tolerances, and r e l i a b i l i t y . These issues a r e p r e s e n t l y being addressed by the SP-100 and Multi-Megawatt Systems p r o j e c t s o f NASA, DOE, and DARPA. A schematic showing t h e cross section o f a t y p i c a l conventional r e a c t o r I s given i n f i g u r e 6. This p a r t i c u l a r reactor was a l i q u i d cooled fast-spectrum type which was i n v e s t i g a t e d i n the past a t the Lewis Research Center o f NASA. This was a low temperature, 950' C 2 MW (thermal) u n i t w i t h a temperature c a p a b i l i t y growth t o about 1230" C.
selected f o r t h i s reactor was uranium mononltride.
I t was designed f o r a l i f e t i m e o f 50 000 hr. The f u e l An a t t r a c t i v e nonnuclear a l t e r n a t i v e e x i s t s f o r s o l a r p h o t o v o l t a i c systems, namely, solar thermal dynamic power systems. s o l a r photovoltaic c e l l / a r r a y technology, these systems w i l l show s u b s t a n t i a l decreases i n solar c o l l e c t i o n area, due t o t h e increased e f f i c i e n c y (over s o l a r Figure 7 shows t h e r e l a t i v e sizes o f the s o l a r thermal system concentrator r e l a t i v e t o candidate s o l a r PV arrays. This decreased s i z e can have s i g n i f i c a n t effects of t h e drag, ( i n low Earth o r b i t s ) , and on c o n t r o l l a b i l i t y due t o decreased moment o f i n e r t i a about the spacecraft c o n t r o l s axis. Also s t r u c t u r a l dynamic i n t e r a c t i o n s w i t h t h e spacecraft can be minirnfzed. Figure 8 
Compared t o present day
does e x i s t , i n p a r t stemning from advanced space antenna concepts. Key technology issues, as o f today, are related t o the development o f l i g h t w e i g h t deployable concentrators w i t h good surface accuracy. These issues w i l l a l s o be addressed under the NASA i n i t i a t i v e .
Ex-A l i m i t e d technology base on concentrators
Energy Conversion Technology S t a t i c conversion o f thermal energy t o e l e c t r i c i t y includes thermoelectric and thermionic devices. Thermoelectric power conversion systems have been extensively developed over t h e l a s t 25 years. moelectric), are the only u n i t s so f a r r o u t i n e l y used w i t h nuclear heat sources b y . t h e U.S. w a t t (MHW) range. These were r e l a t i v e l y low e f f i c i e n c y u n i t s and t h e present upper temperature l i m i t f o r Si-Ge i s approximately 1250O F w i t h some improvement possible. New classes o f thermoelectric m a t e r i a l s may r a i s e both t h e e f f i c i e n c y and peak temperatures, b u t actual demonstration o f these requires an a d d i t i o n a l technology program. Figure 9 shows thermoelectric technologies which are applicable f o r advanced thermoelectric systems.
These conversion devices ( t h e r -
The thermoelectric u n i t s were Si-Ge and were i n t h e multi-hundred Another possible thermoelectric technology which may show some promise f o r space power applications i s that o f AMTEC ( A l k a l a l Metal ThermoElectric Conversion). This system consists o f a sodium thermal e l e c t r i c b a t t e r y which has been assessed and determined t o be a v i a b l e technology f o r a p p l t c a t i o n t o space power systems. No extensive development o f t h i s technology i s now i n progress.
Performance of thermionic converters i s d i r e c t l y r e l a t e d t o temperature, both e f f i c i e n c y and power density increasing w i t h Increasing temperature. temperatures of 1500 K t h e performance o f thermionic systems i s not competitive w i t h other technologies.

For
Test results of various thermionic converter units are given in table I. The converters were tested with varying geometries, fuels, and heat sources. The converters, LC-9, LC-11, and LC-3, were electrically heated and the first LC-9 gave stable performance, with LC-3 shorting out. were tested in a nuclear reactor. The units 6F-2 and 6F-3 were configured with 6 converters in a stack much like the batteries in a flashlight. Of these reactor tested converters, two of the units operated successfully for up to 11 084 hr, the others failing for various reasons. Fuel temperature and converter lifetime are thus the outstanding problems in thermionic converter technology (ref. 7).
The other converters
Dynamic conversion systems based on the Brayton, Rankine, and Stirling Complete Brayton power cycle are viable candidates for space power systems. conversion subsystems have been extensively ground tested by NASA (2 to 15 kWe). systems at temperatures of 1100 K . flow turbine and a synchronous alternator with gas bearings. version system showed a net efficiency of 20 percent. for 1100 K , substitution of tantalum based alloys can provide performance gains. There are no significant technology issues barring the application of Brayton cycle technology to space power system using heat source temperatures in the range 1100 to 1500 K.
A total of 40 000 hr of testing have been carried out on Brayton
The turbo-alternator consisted of an axial This energy conStructural materials The principal technology which was evolved in the past Rankine space power program was that for the potasium-Rankine cycle. Although a complete power plant of this type was never built and tested, a large amount of enabling tech--nology has been evolved. Turbines were built and tested for 5000 hr at 1100 K . Condensers were built and tested for coolant temperatures up to 1000 K , and electromagnetic pumps were tested for 10 000 hr at fluid temperatures up to 1035 K . This technology base is directly applicable to space power applications. Critical issues for the Rankine cycle are associated with potential "Zero G" problems o f two phase flow which exists in both the boiler and condenser systems reliability is also an issue since these are relatively complex mac hi nes .
The Stirling cycle has been extensively developed for terrestrial applications. is believed to have potential for space power applications. Small, 3 kWe, free piston Stirling engines have been ground tested and this concept appears to offer reliable long life operation. of high heater temperatures and long life piston seals. least 1100 K are desirable and heat rejection temperatures must be such as to minimize system specific weight. These technology issues and the overall applicability of the free piston Stirling technology to space applications are being addressed by the SP-100 program of NASA, DOE, and DARPA.
The free piston Stirling-linear alternator version of this technology
Critical technologies are in the areas
Temperatures of at
Space Power Systems Architecture
An operational space power system consists of: (1) an energy or heat source, (2) an energy conversion system, (3) a heat rejection/thermal management system, and (4) a power management and distribution system which includes controls. tecture will be determined by the individual application; type of earth orbit or interplanetary trajectory, peak and average power requirements, etc.
The cholce of a particular power system and its particular archi-6 For t h e thermal power systems, t h e output temperature o f t h e heat source must be matched t o t h e i n p u t temperature o f t h e energy conversion component. I n addition, because o f t h e l a r g e heat r e j e c t i o n requirement, t h e r a d i a t o r temperature must be chosen so as t o meet some a o p t i m i z a t i o n a requirements, p o s s i b l y minimum o v e r a l l system weight. The a c t u a l power system c o n f i g u r a t i o n and operating c h a r a c t e r i s t i c s w i l l be determined by t h e p a r t i c u l a r mission or f u n c t i o n t o which i t w i l l be applied.
The missions o f t h e f u t u r e w i l l r e q u i r e l a r g e increases I n power over today's missions i n order t o c a r r y o u t t h e i r function. This w i l l d r i v e t h e power systems toward higher voltages compared t o today's systems because o f t h e i n e f f i c i e n c i e s and weight penalties associated w i t h low voltage systems.
Also, t h e dc systems o f today w i l l y i e l d t o ac or h y b r i d ac-dc systems f o r t h e same reasons and a l s o t o meet a d i v e r s i t y o f power needs on f u t u r e spacecraft/ space stations. Technology programs presently under way w i l l address t h e development o f t h e required components f o r these power management and d i s t r ib u t i o n systems. I n addition, spacecraft design guidelines and techniques a r e being developed t o address what may be s i g n i f i c a n t problems o f interactons o f h i g h voltage systems w i t h t h e space environment.
High power spacecraft/space stations must a l s o contend w i t h l a r g e heat Space r a d i a t o r s f o r these power r e j e c t i o n and thermal management problems. systems w i l l be l a r g e and massive t o accomnodate t h e large heat loads, which must be r e j e c t e d t o space. Technology programs f o r advanced thermal management systems are a l s o under way a t t h i s time. Some advanced concepts, such as t h e l i q u i d d r o p l e t r a d i a t o r , show promise f o r a p p l i c a t i o n t o t h e high power systems o f the future.
Space Power Systems o f the 2 1 s t Century
The d e f l n l t l o n s and descriptions of space misslons f o r t h e f i r s t p a r t o f However, w i t h some t r e p i d a t i o n we can t h e 21st century are obviously meager. indulge i n speculation and f o r the sake o f i l l u s t r a t i o n p o s t u l a t e the f o l l o w i n g types o f missions and space systems f o r t h a t era.
(1) Large manned e a r t h o r b i t i n g s t a t i o n s (LEO) (2) Smaller manned and unmanned o r b i t i n g p l a t f o r m (LEO) ( 3 ) Geosynchronous manned and unmanned u t i l i t y and comnunications platforms (4) Unmanned e a r t h resource/physics/environment s a t e l l i t e ( 5 ) Unmanned i n t e r p l a n e t a r y spacecraft (planetary exploration) (6) Manned lunar base/colonlzation 
o r such a wide spectrum o f a p p l i c a t i o n s . The a c t u a l requirements w i l l be determined by t h e i n d i v i d u a l mission s p e c i f i c a t i o n s . We w i l l , however, speculate on these m i s s i o n s and assign t o each mission t h e power system which we f e e l best s u i t s t h a t mission requirement.
CONCLUDING REMARKS
These missions are l i s t e d i n t a b l e 2 w i t h t h e matching power systems technologies. The manned and unmanned space t r a n s p o r t a t i o n missions w i l l be o f s h o r t durations compared t o the other missions l i s t e d here. Thus they w i l l be, i n most cases, powered by primary power systems. These i n c l u d e advanced f u e l c e l l s , dynamic APU's ( a u x i l i a r y power u n i t s ) , and advanced primary b a t t e r i e s o f the LI/SOCL2 type. a r i s e which were n o t e x p l i c i t l y considered here. I n s e l e c t i n g a subsystem o r component, t h e consideration o f how t h a t p a r t i c u l a r i t e m can be " i n t e g r a t e d " w i t h the remainder o f the on-board systems a r i s e s . For instance, H2/02 regene r a t i v e f u e l c e l l s could be chosen over another type o f storage system since they could be integrated, ( i n a manned system), w i t h the l i f e support system, and the r e a c t i o n c o n t r o l system by p r o v i d i n g make up oxygen f o r the cabin, and hydrogen p r o p e l l e n t f o r the a t t i t u d e c o n t r o l system the space s h u t t l e resupply being H20 f o r t h l s case. Flywheels may be chosen f o r energy storage, since i t may be p o s s i b l e t o use them i n an i n t e g r a t e d energy s t o r a g e -a t t i t u d e c o n t r o l c o n f i g u r a t i o n . For o r b i t a l processing functions, nuclear and s o l a r thermal system could be used t o provide " d i r e c t process heat" a t h i g h temperatures r a t h e r than providing t h i s heat by resistance heating a t a lower e f f i c i e n c y . A pr,oblem a r i s e s i n t h a t nuclear systems must be e i t h e r shielded o r I 8 i s o l a t e d n and t h i s complicates t h e i n t e g r a t i o n problem i n t o a manned s t a t i o n t h a t must be compatible w i t h space s h u t t l e operations. I n a d d i t i o n , t h e manned s t a t i o n s o r vehicles w i l l be required t o have on board some form o f back-up power t o p r o t e c t t h e personnel i n case o f a mission emergency u n t i l h e l p i s a v a i l a b l e . These w i l l i n a l l p r o b a b i l i t y be some form o f excess b a t t e r y o r f u e l c e l l capa b i l i t y , o r could take t h e form o f an open c y c l e on-board dynamic a u x i l i a r y power u n i t , (APU), using stored p r o p e l l a n t s .
I n designing a spacecraft o r space s t a t i o n , a d d i t i o n a l considerations F i n a l l y , human i n g e n u i t y and unpredictable new technologies may a r l s e i n the next decade which could s i g n i f i c a n t l y a l t e r these p r o j e c t i o n s which a r e based reasonable e x t r a p o l a t i o n s from t h e technology development programs prese n t l y i n progress and those foreseen f o r the f u t u r e . Many t h i n g s could come about which would s i g n i f i c a n t l y a l t e r t h e f u t u r e o p p o r t u n i t i e s presented here. But i t i s a c e r t a i n t y t h a t many d i v e r s e challenges l i e ahead f o r space power technologies, an enabling f a c t o r i n man's ever expanding horizons. ~ 17. Hyatt, J., "Secondary B a t t e r y Requirements f o r Space Use i n t h e l a t e l98O1s-1990's, F i n a l Report," Unlted Kingdom Atomlc Energy A u t h o r i t y , (1) Larger systems may go with prime choice -smaller, 1-10K systems may best be served b y e I systems.
(2) For the large (GW) size space power -actual conversion system t o be determined -storage t o ( 3 ) The m i l i t a r y missions w i l l have many specialized requirements which w i l l d i c t a t e choice.
( 4 ) The space transportation systems w i l l use primary b a t t e r i e s -an on-boayd APU i s also possible.
Remark:
be on ground (advanced Redox system).
The manned systems w i l l also require emergency -back up power -These requirements can be met by excess secondery systems capacity -o r by providing primary systems capacity. 
